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• Scope
• Overview of the Program
• (Very Small) Set of Examples and Opportunities
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SNOWMASS Neutrino Frontier
Need for Programmatic Breadth
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Scope

• Budget < $50 M
• Also typically collaborations < 100 people
• Sizes from grams to several tons

“Small”
Nexp ~ 1/d ~ 1/$...have limited scope as much as reasonable here

“New Approaches”
• Forward-looking (but did not include NP-funded experiments like 0nbb and neutrino mass)
• (Mostly) avoiding things that have already run
• Focused on physics of and with neutrinos; not additional physics capabilities
• Erred on the side of diversity over inclusivity of experiments

Still had to limit possibilities:
Point is not individual experiments but importance of 
the program of small-scale neutrino experiments.



4

But…
“Neutrinos don’t do anything…”

How can experiments be “small”?
• Increase the flux

• Radioactive sources (e.g., 51Cr)
• Spallation/stopped p sources
• Get close to reactors
• Near detectors for beams

• Use high cross-section regimes
• Collider energies
• Coherent scattering

• Do neutrino experiments without neutrinos
• Technology demonstrators
• 0nbb (!) experiments
• Direct neutrino mass measurements (!)
• Measurements of hadron production or interactions
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Why Small?
• Discovery opportunities

• Particularly for BSM physics
• Engines of creativity

• New approaches have to start small
• (A lot easier to be creative when you don’t have WBS 1.6.378.129.21…)

• Ownership
• Chance to take necessary risks
• Implement ideas without always convincing everyone
• People-driven, not purchase-order driven---important for workforce development

• Timeline
• Often shorter than tgrad or even tpost-doc

• Training
• Experimental work =

Conception+Design+Construction+Commissioning+Acquisition+Analysis+Intepretation
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Classes of Small n Experiments

• Technology Demonstrators
• “Supporting” physics measurements
• Neutrino physics experiments

There are not fixed boundaries here…Often experiments are all three
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Technology Demonstrators

• Moving from “blue sky” R&D to experimental contexts (TRL6?)
• Sometimes associated with much larger projects (future or existing)
• But experiments in their own right!
• Sometimes project-managed but typically loosely
• Time scales are short!  < tgrad typically
• Often get re-used for physics measurements
• Sometimes part of a physics program via scaling
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Technology Demonstrators
Pixellated LArTPCs

• Small pixels for big detectors
• Need low power to keep LAr cold
• Multiple technologies:

• LArPIX
• Qpix
• Light+charge

• Improved 3D reconstruction
• Planning deployment at SNS for n measurements
• To be used in DUNE ND-LAr
• Demonstrations eventually for DUNE Module 3
• These are typically  kg to ton scale
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Technology Demonstrators
Hybrid Cherenkov/scintillation Detectors

Eos

NuDOT

ANNIE

Theia25
Theia100Technologies for experiments like Theia

• Fast timing (e.g., LAPPDs)
• Water-based liquid scintillator
• Spectral sorting with dichroicons
• New reconstruction techniques

Possibly also:
• 7Li SN n cross sections at SNS
• Gallium anomaly test?
• 3-year timeline for design, construction, running….

Also:
• n cross sections
• n n production

Also:
• Isotopic loading development
• 2nbb spectra

BNL 30 t

Chertons scintons
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Supporting Measurements

D. Rivera

Things we don’t know well:
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Supporting Measurements

D. Rivera

Things we don’t know well:

How many of 
these are 
made
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D. Rivera

Things we don’t know well:

Formaggio and Zeller, Rev.Mod.Phys. 84 
(2012) 1307-1341

How many of 
these are 
made

This cross section

Supporting Measurements
LBL regime
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Supporting Measurements

S. Dytman

D. Rivera

Things we don’t know well:

Formaggio and Zeller, Rev.Mod.Phys. 84 
(2012) 1307-1341

How many of 
these are 
made

This cross section

What happens to 
hadrons in nucleus

LBL regime
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Supporting Measurements
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Supporting Measurements

S. Dytman

D. Rivera

Things we don’t know well:

Formaggio and Zeller, Rev.Mod.Phys. 84 
(2012) 1307-1341

How many of 
these are 
made

This cross section

What happens to 
hadrons in nucleus

Hadronic 
interactions in 
argon

Opportunity for array of 
small-scale experiments 
with major contributions 
to broader n program

NOvA, Phys.Rev.Lett. 123 (2019) 15, 15180

LBL regime
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Supporting Measurements
(Modern!) H/D Bubble Chamber

(Not a modern bubble chamber)
• Interactions on H remove FSI and nuclear model
• On D, almost as good---simplest source of neutrons
• Existing measurements on H and D are decades old

• Information on details is mostly lost
• New measurements would aim for ~1% level 
• Relative simplicity of cross sections make BSM

searches less systematically constrained
• 1 ton mass would yield 100x old sample statistics

Interactions/year/ton D, FHC
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Supporting Measurements
Hadron production measurements

n flux uncertainties  large 
for both atmospheric n
and accelerator n
experiments---

Dominant source is 
hadron production 
uncertainties

Precision measurements help constrain ND 
measurements, atmospheric n experiments

“Table top” spectrometer 
at Fermilab Test Beam
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Supporting Measurements
Experiments at the Forward LHC Region

Neutrinos at TeV energies!
16 s observation of collider ns

Hot off the presses…

• Expect ~103 nt
• New energy  regime for direct cross 

section measurements
• Relevant for neutrino telescopes

• Expect best limits on EM properties of nts
• Tag interaction and detection vertices??

Technologically challenging on several fronts
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Neutrino Physics

• Physics of neutrinos and with neutrinos
• Hard for small experiments to compete for “standard” oscillation physics
• Oscillations ~ (Dm2 L/E)
• Small experiments need small L to get enough rate
• Known Dm2s mean E too small

• But BSM physics may have much bigger Dm2

• Or show up in deviations from known cross sections
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Neutrino Physics
PTOLEMY

𝜐! + 𝑁 → 𝑁"+eThreshold on b-decaying nuclei                                    is zero…but lots of b-decays happening…

Neutrino mass means b-spectrum ends “early” and e has another mn of energy, so…

About as ambitious as it gets: Detection of CnB!  Tn ~ 1.7x10-4 eV

So all that is needed is sub-eV energy resolution.
Achieved by:
• Graphene substrate for 100 g tritium source
• Need µHZ of background
• Multiple spectrometer stages

• MAC-E filter
• Cryogenic calorimetry
• RF tracking/TOF
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Neutrino Physics
Coherent Elastic Neutrino Nucleus Scattering (CEnNS)

• Standard model calculable cross section (with 
knowledge of neutron density)

• Big cross section! (for neutrinos…) Goes like ~A2

• Pure neutral current! 
• But recoil energies range from tiny to really tiny…keV 

energies

2017 observation of process by COHERENT
has led to an explosion of new low-
threshold work:

• Searches for sterile via NC “disappearance”
• Constraining non-standard interactions
• Cross sections for other experiments (e.g., DM)
• Big push for detection at reactors: all coherent
• Also big push to move to more precision
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Neutrino Physics
ISODAR

New  approach to neutrino beam: cyclotron production of 8Li
• Pure high(ish) energy anti-ne beam
• Deployment at South Korea’s Yemilab with LS detector target
• Short-baseline oscillation anomaly sensitivity

• And precision tests for new physics

Equal sensitivity to DUNE,
well before DUNE ND running
and at lower Q

Complementary to coherent scattering 

Today

Iso
DAR Sensiti

vity

• 5 year timeline 
• Big university involvement and leadership
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Summary

• Small-scale experiments are critical for the health of n Frontier
• Opportunities for discovery
• Critical measurements for mid- and large-scale experiments
• Pursuit of exciting and creative ideas
• Program is broad and rich
• Excellent opportunities for workforce training and development


